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ELEVATION AND ALTITUDE.’ 

Engineers use the word elevation with reference to the 
height of an object, usually on the ground, relative to 
some sea level or some other &xed datum. In aerology 
and aviation, heights above ground in free air are com- 
monly referred to as altitudees. In meteorology and other 
scientific discussions, heights either on the ground or 
above it are sometimes referred to indifferently as 
elevations or altitudes and the terms are often used 
interchan erthly. In the table of stations in the reports 
of the U. 5. Weather Bureau, height of ground above sea 
and height of instruments above ground are both re- 
ferred to 8s elevations. Such uses of the word elevation 
are sometimes confusing. Cases have arisen where i t  
was difEcult to ascertain whether the height OI an instru- 

1 The suggastlon by Mr. Horton isan excellent one. and I may e.qresa the hope thst 
it will be uniformly adopted by writers for the REVIEW. In the be inning it would be 
well for esch mlter to announce on the maslon 01 the first use odeither of the terms 
“elevation” or “altitude” the sense in which it  is used. The ofacial publications of 
the Weather Bureau where the expression “elevation” appears make it  clear what 

ment, anemometer, barometer, or thermometer, for 
example, was with reference to sea level or ground level. 
Of come,  this uncertainty could only exist a t  stations 
near sea level. It is suggested that a distinction in 
usage of the terms elevation and altitude, somewhat 
akin to that suggested by Dr. H. R. Mill for the terms 
mean and average,a may be desirable. Would it not be 
well to limit the use of the term altitude to hei hts 

term efevation to the height of the ground or a fixed 
ob’ect on the ground with reference to sea level, or some 

near or remote, IS t,he case may be. On this basis the 
height of a meteorologicsl station would be given aa it.s 
elevation and would be the ground level elevation at the 
station. The heights of the instruments above ground 
would be expressed as altitudes.-Robert E. Horton. 

above round at a particular location, and the use o B the 

o d er definite datum, the actual point of reference being 

2 Cf. Mo. WEATHER REV.. November, 1918,46: 514-515. 

reference point is taken as a base level.-EDITOR. 

TEMPERATURES OF THE SOIL AND AIR IN A DESERT. 

By JOHN G .  SINCLAIR. . 
[Mediml School, University of North Dakota, Msrrh 15,1922,) 

The Carnegie Institution of Washington maintains a 
Desert Laboratory at Tucson, Ariz, where for sonie 
years the activities of plants and ammals in relation to 
their desert envir0nmen.t. have been studied. Much work 
has been done with water-relations both as to eva ora- 

and air temperature are kept. 
While assist-ant in charge of Professor Tower’s “ Experi- 

ments in Evolution” (see Carne ie Publication No. 263) 

tions of air and soil. The results have a meteorological 
as well as a biological interest. 

It is a well-recognized fact that the range of temper- 
atures in the desert is tremendous. The surface of the 
soil is heated and it is a matter of interest t.0 know to 
what extent this heat is transferred to deeper levels. I t  
is well known that the surface air becomes rapidly chilled 
in the evening. What is the relation of temperaturo here 
to the levels above and the soil beneath ? Desert animals 
and plants live in a comparat.ively narrow zone. 

There were available at Tucson an exceptional aggre- 
gation of thermometers. The measurements in air were 
taken with German-made instruments, having large bulbs 
and graduated to tenths of a degree centigrade. These 
instruments were divided into two sets. One set was 
coated with a glossy white paint and the other with a 
dull black. I anticipated cnticisms of this and so t.ook 
the recaution to read t,he standard shelter t,hermometer 

Since they were to be used in the open sunlight, the 
entire lot were standardized. To do this they were 
placed at  a uniform level about 4 feet! above ground and 
readings were taken every hour of the day. The ther- 
mometers were inclined, so that their axes were a t  right 
angles to the circle of the sun, insuring uniform exposure 
at all times. The members of each set differed only by 
tenths of a degree from each other. The constant neces- 
sary to reduce each to the median member of the group 
wm adopted for each thermometer and for each hour of 
the da separately. All further data were then cor- 

The soil temperatures were read on standard mercury 
thermometers, which, like the others, had to be checked 

tion and movement in soils. Extensive records o F soil 

I undertook a further analysis o f? the temperature condi- 

at t rl e same time that any other readings were taken. 

rected g y these constants. 

in a water bath for com arison. 

as the temperature there burst the one h t  employed. 
At two of tshe levels Friez soil thermographs registered 
continuously and the records from other instruments were 
available for comparison but from a different locality. 

e 1 illustrates in dia am the apparatus set u . 
same and the exposure was made uniform through the 
day as in the tests. The u per sis soil thermometers 

ermanently embeddef and were read in place. 
The were x e th indicated the distance to the center of the 
bulb. !‘he thermometers for the deeper levels were 
slipped into close-fitting glass tubes, so that the bulbs 
rested in molds in the soil below. These were drawn up 
rapidly by strings sufficiently hi h to be read and were 

It. was found necessar 
to use a boiling-point t R ermometer for the surface so$ 

The K“ evels of the black and w%te thermometers were t % e 
Fi 

immediately dropped back and t a e tube corked. 
After the preliminary tests the 

5:30 a. m., June 17, 1915. and continued 
to 10:30 p. m. The series was repeated 
September 19, 1915. An inspection of 
a repetit.ion of the main features daily. For this reason 
that day was chosen for presentation which showed the 
highest temperature reached for the year. This was 
June 31, 1915. 

Table 1 shows bhe data taken June 21. In  the table 
the data for air and soil temperatures are separated at 
the ound level. At this point are placed the readings 

added interest readings taken in shade among the red 
volcanic rocks of tho Desert Laboratory grounds. All 
the apparatus exce t this one thermometer recorded the 

the rocks. The masimum temperatures reached in the 
air series at  any time of day are in bold-faced type and 
are arranged to compare the black and white t;hermom- 
eters with the standard shade temperature. 

The minimum temperatures for any time of day are 
given in italics. The peculiar shift of the point of 
masimum and minimum tem eratures is a significant 

righ and the earth is much hotter than the air immedi- 
ately above it. 

of t l? e standard shelter thermometer and as a matter of 

conditions in the a c f  obe soil of the garden well away from 

roblem. At-4:30, when this s t: ’ft occurs, the sun is still 
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rogress of the heat downward is graphically shown. 
are the maxima for that level for the entire da and t I3 e he minima are underlined. The minima for the levels 

The temperaturea of the soil series in bold-faced ty e 

minima for the day are underlined. Here t i! e steady 2 cm. and 4 cm., of course, occur before 5:30 a. m. 
TABLE 1.-Tenipertue dala ("(2.) for June 21, 1915, Deaert Laboratory, Ariz. 
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PIG. 1.-Arrangement 01 apparatus for measuring temperatures in the soil and lower strata of the alr. 
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Figure 2 is a picture of the most, int,eresting records of 
the day. The graphs are self-esplanatory, except a t  
two point,s. The short, sectZions of the curves at 7 and 8 
are taken from thermograph records made in different 
soil and amon the rocks. The conserving of heat is 

Table 2 presents certain facts concerning the daily 
ran e in comparison wit.h the annual range at different 
levss. It also shows t,he progressive movement of heat 
into the ground. 

These data present problems which are not easily 
solved. The outstanding feature of the ground series 
is the tremendous daily and earl ran e of surface 

neary the early range that the effects are not trans- 

erate and constant t,eniperature is quickly reached. 
For this reason it is important biologically to know 

well illustrated 5 ere. 

tern eratures. It so happens t z at t rl e dai .p y range is so 

mitted ! {  muc beneath the surface, and a relatively mod- 

1 p. m... 
3 p . m . .  
3 . 3 0 ~ .  m 
4.3np.m 
6p .m ... 
7.30 11. m 

how deep desert. animals burrow to Estivate or hiber- 
nate, as t.he case may be. 

TABLE 2. 

26.4 .......... 
x . 5  .......... 

0 c. 

22.0 5 a . m  ... 
3.5 5.303.m 50.2 
25.? 6 a . m  ... 1.1 
26.3 F,.ma.m 42.3' 
2% 1 7.80a.m 37.01 

27.4 3 . 0  13a.m..l 10.30 a.ml35.0 31.81 

27.8 2 p . m  ... - .  
26.4 .......... 29.0 
21.5 I .......... 10971 37.01 
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Junr 21, 1915. Annual temperatures. - 
hiax. 1 Time. Ih1in.I Time. Masimum. I M M m u m .  

~. 

Shelter.. ... 
Soil .4 an.. 
Soil 2 cm.. . 
Roil 4cm. .  . 
Soil 7 cm.. . 
Soil 10 cm . . 
Soil 15 cm.. 

Soil 30 cm.. 

Soil 45 cm.. 
Soil Bo cm.. 
So11 100 em. 

sou m em.. 



The graphs of air temperature show au inclination at 
night opposite the daytime. Notice that there is prac- 
tically no difference between the black and white ther- 
mometers during the night and that in that period four 
thermometers at each level register 2" C. diflerence in 
the height of a man, his feet being colder than his head. 
The ground beneath is warmer than the air at, any point 
above. I a.m unable t,o explain this anomalous condi- 
tion. The temperature gradient is reversed at, 4:30 p. 
m. A study of the graphs 3B and 3W of Figure 2 
shows a chill at  the ground surface itself and in the face 
of a bright sunlight. The phenomena can not be ex- 
lained readily by air movement because there is very 

Ettle movement, and bhe oint of masimum tempera- 

the st,andn.rd shade temperature corresponds closely u t  1 ture is only 30 cm. above t i! e surface. In all the gra hs 

serious trouble of this nature due sole1 to snow was a new 
experience to linemen, even when it fe i to a depth of a foot 
or more, as it did in the central counties during this storm. 

The snow occurred with temperatures somewhat 
below freezing and a high wind, estimated at 45 miles 
an hour, that packed it solidly against the north side of 
wires? poles, and other objec.ts. In P e  Hutchinson 
dist,ric.t, where the damage was most severe, a cone- 
shaped mass of snow projected along the north side of 
every pole. The wind also packed tlie snow against the 
n0rt.h side of each wire until the weight of t.he accumu- 
lation was sufficient to turn it partly over, exposing 
mot,her surface to t,he wind. In  this way wires were 
t,urnecl back and forth unt'il they were completely 
coated with cylindeiu of packed snow that in some ca.ses 
measured '73 inches in diameter. 

with the upper levels recorded on the white thernioniet.ars. 
The heat-conserving action of the rocks is again shown by 
bhe shade readings taken among t,hem at the same time. 

Two applicatioiis are worth making. The terrific 
forc.es involved in the merely surface espansion and 
contraction of rock may be a very otent factor in their 

dient, to what'ever cause it may be due, may lap thhc 
foundation, for the later large displacement of air known 
as cold-air drainage on a level desert. 

DAMAGE TO WIRE SERVICE B Y  HEAVY SNOWSTORM I N  

A heavy fall of wet, clinging snow that fell on March 
9-10, 1933, over a ship about 50 miles wide exbending 
from the nort.heast corner of Kansas to the south cen- 
tral part, near Hutchinson, resulted in damage to tele- 
phone and tole aph lines almost without precedent 

have frequently broken down pole lines in past years, 

disintegration. The reversad of t E e temperature grs- 

KANSAS. 

111 the State. !T leet and ice accumulations on wires 

A single copper wire, No. 12 gauge, N. R. S., 1 foot long, 
with it,s incasing cylinder of snow, was carefully re- 
moved by linemen of a belephone com any aft-er t.he 
storm and found tmo weigh a pound. it,h a 30-wire 
lead, which is not unusud in an im ortant line, and poles nt, 
bhe stnnclnrd distance of 130 feet, t P lis would mean a weight 
of 3,000 pounds, or almost 2 tons, on each pole. 

This immense wei h t  a t  a t.ime when a high wind was 

also broken and bangled. The Southwestern Bell Tele- 
hone Co. reported a loss of 5,000 poles and an estimated 

%image of %200,@00, while bhe Western Union Telegraph 
Co. and the United Telephone Co. were also heavy losers. 

Hutchinson, the second largest city in the central 
portion of the St.ate, was completely isolat,ed, as far 8s 
wire service was concerned, for more than 24 hours and 
without service in its local t,elephone service for sis 
days. Coniplete service in some of t.he less important 
leads in t,he district was not, restored until more than 
two weeks after the storm.-S. D. Flora. 

blowing broke off 6 a ousands of poles, and wires were 


